Objective: To compare outcomes following abdominal surgery with or without the use of chewing gum in the early postoperative period.
95% CI, −1.79 to −0.42; P=.002) were significantly reduced in the chewing gum group compared with controls. However, both of these results demonstrated significant heterogeneity. Postoperative length of stay was also reduced in the chewing gum group by longer than 1 day (WMD, −1.25; 95% CI, −3.27 to 0.77; P=.23); however, this result was not statistically significant. This result was significant when studies that explicitly included patients with stomas being formed during the surgery were excluded (WMD, −2.46; 95% CI, −3.14 to −1.79; PϽ .001), with no significant heterogeneity.
Conclusions:
Chewing gum may enhance intestinal recovery following colectomy and reduce the length of hospital stay. Owing to the potential for substantial cost savings, larger-scale, blinded, randomized controlled trials with placebo arms are warranted.
Arch Surg. 2008; 143(8) : [788] [789] [790] [791] [792] [793] T HE ADVENT OF LAPAROScopy and enhanced-recovery protocols in colorectal surgery has regenerated interest in enhancing bowel function and postoperative recovery following abdominal procedures. 1 Besides these perioperative tools and strategies, other methods have been used to improve the time for patients to recover intestinal function. These have included prokinetic agents, 1 antibiotics, 2 and opioid antagonists. 3 However, significant costs are associated with the use of all of these. In England, there were more than 31 000 colorectal resections performed from 2004 to 2005. 4 Hospital event statistics document the range of mean length of stay for these patients at 13 to 26 bed-days. 4 Currently, in the National Health Service, 1 bed-day costs £200 ($388), 5 thus making prolonged postoperative stays a possibly significant financial burden for health care providers. A 1-day benefit for patients treated in England alone would save the National Health Service £6.2 million ($12.0 million) on the basis of these figures.
Chewing gum has been used in the past to improve postoperative recovery from tonsillectomy with negative results. 6 Recently, there have been several small randomized studies evaluating the effect of chewing gum on postoperative recovery in patients undergoing colorectal surgery with differing conclusions, [7] [8] [9] [10] [11] but the potential benefits have generated considerable public and media attention. 12, 13 The potential cost savings from the reduction of even 1 postoperative day compared with the cost of several sticks of chewing gum are huge and have even bigger cost implications for a health care provider as large as the National Health Service. New technology has helped to reduce the extent of surgical trauma but involves training, equipment, and capital investment. This may not be practical or sustainable for providers in less affluent nations.
The aim of our study was to use meta-analytical techniques with data from randomized controlled trials to assess the effect of chewing gum postoperatively on patients who underwent colectomy. The end points assessed were return to normal bowel function and length of postoperative stay.
METHODS

DATA SOURCES AND EXTRACTION
We performed searches of MEDLINE, Embase, Ovid, and Cochrane databases to identify randomized studies comparing outcomes between patients undergoing colectomy with or without the use of chewing gum in the early postoperative period. Chewing gum and surgery were used as search terms. The "Related Articles" function in PubMed was used to broaden the search, and all abstracts, studies, and citations scanned were reviewed. References of the articles acquired were also evaluated for further relevant studies. No language restrictions were made. The last date for this search was July 18, 2006 . Two reviewers (S.P. and H.S.T.) independently extracted data from each study and there was 100% agreement between them.
STUDY SELECTION
To be included in the analysis, studies had to (1) compare abdominal surgery with and without the use of chewing gum postoperatively; (2) report on at least 1 of the outcomes of interest (return to enteric function and length of postoperative stay); (3) clearly document whether or not chewing gum was used; and (4) clearly report the reasons for surgery. We excluded studies from the analysis if (1) the outcomes of interest were not clearly reported for the 2 techniques; (2) it was impossible to extract or calculate the appropriate data from the published results; or (3) there was considerable overlap between authors, centers, or patient cohorts evaluated in the published literature.
OUTCOMES OF INTEREST AND DEFINITIONS
The following outcomes were used to compare patients who did and patients who did not chew gum after colonic resection: (1) return of enteric function, as suggested by the time (in days) until flatus was first passed following surgery and the time until the first postoperative bowel movement; and (2) length of postoperative hospital stay, defined as the length of time (in days) between the day of surgery and the day of hospital discharge.
STATISTICAL ANALYSIS
The meta-analysis was performed in line with recommendations from the Cochrane Collaboration and the Quality of Reporting of Meta-analyses guidelines. [14] [15] [16] The primary outcome measures were continuous variables, and we analyzed them statistically using the weighted mean difference (WMD) 17 and reported them with 95% confidence intervals (CIs); this summarizes the differences between the 2 groups while accounting for sample size.
VALIDITY ASSESSMENT
To assess the quality of the randomized trials, we used the Jadad score, a validated measure of the quality of randomized controlled trials. 18, 19 A study with a score of 3 or more (of 5) was considered high-quality.
Heterogeneity between the studies was assessed using 3 methods. First, graphic exploration with funnel plots was used to evaluate publication bias. 20, 21 Second, subgroup analysis was undertaken, including studies that had quality scores of 3 or more, more than 30 patients, that only recruited open surgical cases, and that were published in or since 2005 and excluding studies that explicitly included patients with stomas. Finally, we reanalyzed the data using both random-and fixed-effects models to assess any differences in the results of the meta-analysis. Statistical assessment of heterogeneity was performed using the Cochran 2 test for heterogeneity.
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A power calculation was carried out to assess the size of randomized controlled trials needed to demonstrate a difference of 1.25 days (at P=.05) between the 2 groups with 80% power. Analysis was conducted using Review Manager software, version 4.2 (The Cochrane Collaboration, Oxford, England), and Intercooled Stata, version 9.0 for Windows (Stata Corp, College Station, Texas).
RESULTS
ELIGIBLE STUDIES
We identified 48 publications using the search keywords. Title and abstract review resulted in exclusion of 42 studies (6 preoperative studies; 11 ear, nose, and throat studies; 11 faciomaxillary studies; 2 dental studies; 8 case reports; 2 letters; and 6 medical studies). This left 6 publications on colonic surgery. [7] [8] [9] [10] [11] 23 One of these was also a letter 23 and therefore was excluded. Thus, we analyzed the results from 5 randomized trials comprising 158 patients. [7] [8] [9] [10] [11] The characteristics and quality scores of the included studies are summarized in Table 1 . A flowchart illustrating the search and reasons for the exclusion of the unanalyzed studies is shown in Figure 1 .
STUDY CHARACTERISTICS
In each trial, sugarless gum was chewed 3 times a day following surgery, and the duration of chewing ranged from 5 to 45 minutes. [8] [9] [10] In all 5 studies, the perioperative treatment of patients was identical between the study and control groups, other than the provision of chewing gum, but in only 2 studies were the patients explicitly stated to be allowed oral fluids before the passage of flatus. 9, 10 In 2 trials, patients receiving end or defunctioning stomas were clearly included, 9,10 while in the others, stoma formation was not mentioned. Blinding of observers was part of the trial design in only 1 study, which was also the only study with a placebo group. 9 Patients who dropped out from the treatment group were identified in 1 study 10 : in 2 patients owing to postoperative complications that required intensive care treatment and in another patient whose poorly fitting dentures resulted in intolerance of the gum. Analysis in this article was carried out on an intention-to-treat basis (of the data extracted from the included studies). In none of the analyzed studies were any adverse events caused by the use of chewing gum. In 1 study, 14 of 16 patients described a subjective benefit from the gum in keeping the mouth moist following surgery, while 13 of 16 were satisfied by the freedom to chew gum in the postoperative period. 
RESULTS FROM OVERALL META-ANALYSIS
The primary outcome measures were continuous variables and we analyzed them statistically using randomeffects modeling and the WMD. Results from the overall meta-analysis are outlined in Table 2 and illustrated as a forest plot in Figure 2 . Using random-effects modeling, the overall results of the meta-analysis demonstrated that both the time (in days) for the patient to pass flatus (WMD, − 0.66; 95% CI, − 1.11 to − 0.20; P =.005) and the time until the first bowel movement (WMD, − 1.10; 95% CI, − 1.79 to − 0.42; P = .002) were significantly reduced in the chewing gum group compared with the controls. However, both of these results demonstrated significant heterogeneity. Postoperative length of hospital stay was assessed in 4 trials 7,9-11 comprising 134 patients. This was also reduced in the chewing gum group by longer than 1 day (WMD, − 1.25; 95% CI, −3.27 to 0.77; P=.23); however, this result was not statistically significant. The results of the meta-analysis were similar when a fixed-effects, rather than a random-effects, model was used, and analysis by funnel plots suggested that publication bias was not a problem in the context of our study (results not shown).
SUBGOUP ANALYSIS
Subgroup analysis was performed to assess the robustness of our findings and to explore heterogeneity between studies. There were 3 high-quality studies with a Jadad score of 3 or greater. [9] [10] [11] These studies comprised 115 patients and were also the studies that included more than 30 randomized patients. This subgroup of studies resulted in a significantly shorter time to pass flatus (WMD, −0.29; 95% CI, −0.44 to −0.15; PϽ.001) but had no heterogeneity. The other 2 outcomes were the same for this subgroup as for the overall analysis. Studies evaluating open surgery only and studies published in or since 2005 demonstrated similar results as the overall metaanalysis. However, when studies that explicitly included patients with stomas being formed during the surgery (for which they were being admitted) were excluded, all 3 outcomes were significantly reduced. Time until the first bowel movement (WMD, −1.76; 95% CI, −2.81 to −0.71; P=.001) and postoperative length of stay (WMD, −2.46; 95% CI, −3.14 to −1.79; P Ͻ .001) also demonstrated no heterogeneity in this subgroup. Subgroup analysis was not performed on the number of times gum was chewed, as all studies required patients to chew gum 3 times a day. The duration of gum chewing was also not used as a subgroup for analysis because, of the 5 studies included, 2 did not state the duration, 1 stated chewing for at least 5 minutes, 1 stated chewing for 45 minutes, and 1 stated chewing for 30 minutes.
COMMENT
With increasing pressure on limited health care resources and continually needing to improve the quality of patients' perioperative experience, interventions with the potential to limit the discomfort of postoperative ileus and reduce the length of postoperative stay are welcomed. We have reviewed the current evidence from randomized controlled trials comparing outcomes between patients undergoing colonic resection with or without the use of chewing gum in the early postoperative period and have shown that benefits are offered in resolving ileus. Although the results of this meta-analysis suggest a benefit in length of stay for the chewing gum group, this outcome only achieved statistical significance on subgroup analysis. To show a statistically significant difference of 1.25 days (at P =.05) between the 2 groups with 80% power, a traditional randomized controlled trial would require 80 patients in each arm.
Postoperative ileus is regarded as an inevitable response to the trauma of abdominal surgery and is a major contributing factor to postoperative pain and discomfort associated with abdominal distension, nausea, vomiting, and cramping pain. 24 In the United States, the problem has been estimated to account for up to $1 bil- 25 In a study by Schuster et al, 11 based on an estimate of $0.04 per stick of chewing gum, an outlay of $47 531 (£25 569) per year in gum would save $118 828 000 (£63 922 107) annually (based on an estimate of 79 219 colectomies per year in the United States at a mean hospital cost of $1500 [£807] per day).
Healthy bowel function is a result of the combination of many factors, including the enteric and central nervous systems, hormonal influences, neurotransmitters, and local factors including inflammatory pathways. 26 Those factors promoting ileus in the postoperative patient are exacerbated because the mechanisms governing gastrointestinal motility in the fasted state are blunted compared with those following a meal. Animal studies have illustrated how the degree of surgical manipulation is directly related to the degree of postoperative ileus, 27 implying that extensive surgical procedures in which substantial amounts of tissue trauma are inevi- 7 Hirayama et al 8 Matros et al 9 Quah et al 10 Schuster Asao et al 7 Hirayama et al 8 Matros et al 9 Quah et al 10 Schuster et al 11 Subtotal χ 2 4 for heterogeneity = 19.18; P < .001; I 2 = 79.1% Z for overall effect = 3.14; P = .002
Postoperative length of stay, d
Asao et al 7 Matros et al 9 Quah et al 10 Schuster et al 11 Subtotal χ 2 3 for heterogeneity = 50.60; P < .001; I 2 = 94.1% Z for overall effect = 1.21; P = . table, such as colectomies, will be associated with high levels of postoperative ileus. Additional problems in the postoperative patient include the need for analgesia; the amount of morphine used has previously been shown to strongly correlate with the time to the return of small intestinal motility. 28 The potential benefits of thoracic epidural anesthesia in reducing ileus have been assessed and include a reduction in the need for parenteral morphine as well as achieving blockade of the thoracolumbar sympathetic outflow, which inhibits gastrointestinal motility while leaving the craniosacral parasympathetic innervation (stimulatory to gut function) intact. 29 Randomized trials have shown significant reductions in the length of postoperative ileus in patients treated with thoracic epidural anesthesia compared with morphine in the form of patient-controlled anesthesia. 30 Pharmacological adjuncts that have been evaluated in relation to improving postoperative intestinal function in randomized controlled trials include cisapride (which showed significant benefits but has subsequently been withdrawn owing to an adverse effect profile), 31 erythromycin (no significant benefit), 2 and peripherally acting µ-opioid receptor antagonists (shown to offer significant benefits in resolving ileus and reducing length of hospital stay). 3, 32 The variety of potential targets for interventions to reduce ileus and the length of hospital stay has led several authors to promote the use of multimodal rehabilitation strategies, 1 which may include the use of drugs, 33 epidural anesthesia, and early feeding. 34, 35 Although early feeding has been shown to reduce the length of stay for patients when used alone 36 or as part of a multimodal program, 1 a failure to tolerate such strategies in up to 20% of patients has been reported. 37 The potential for failure of early feeding underlies studies to investigate gum chewing as a form of "sham feeding," which is thought to be effective by direct cephalic-vagal stimulation, the triggering of gastrointestinal hormone release, and increasing the production of both saliva and pancreatic secretions. 7 Advantages of our study include the identification of evidence concerning the effectiveness of postoperative gum chewing from 5 randomized trials, all reporting outcomes on patients undergoing colonic resection, with consistency in reported end points between them. We have shown that despite variation in findings from individual studies, overall the published evidence supports the hypothesis that gum chewing reduces the duration of postoperative ileus, as represented by the time to passage of flatus and first bowel movement. Although there was a mean reduction in length of stay of longer than 1 day in the chewing gum group, this did not reach statistical significance, and thus we cannot rule out the possibility that the observed reduction was due to chance. This may represent insufficient power to detect a significant difference for this outcome. A power calculation suggested that 80 patients in each arm would be required to show a significant difference of 1.25 days, which is greater than the combined populations of all studies on this subject. Quah et al 10 powered their study to detect a 2-day difference in time to return of flatus or bowel movements on the basis that a shorter time would unlikely be clinically significant. We would challenge this view on economic terms at least. A reduced length of stay, of even 1 day, for an intervention with extremely low cost and no reported adverse effects would represent substantial savings for the National Health Service when applied to the entire United Kingdom population.
Disadvantages of our meta-analysis are reflected mainly in the heterogeneity between studies. Despite assessing outcomes only in patients undergoing colonic surgery, there are differences in methodologies that might explain the heterogeneity. The inclusion of patients with defunctioning or end stomas may have affected the length of stay outcomes as well as the assessment of times until the passage of flatus and bowel motions. Studies have highlighted that stoma formation tends to negate the benefits of strategies to reduce the length of hospital stay. 38 This is underlined by the fact that when the studies that included some patients who definitely underwent stoma formation were excluded, a statistically significant reduction in length of stay was shown, and heterogeneity for all outcomes was either absent or reduced. In addition, despite looking for evidence of the effects of chewing gum on recovery from abdominal surgery, it is important to note that all included studies reported on outcomes following colorectal surgery, making the results more representative of the outcomes following colorectal procedures.
In conclusion, we feel that the current evidence suggests that gum chewing following abdominal surgery offers significant benefits in reducing the time to resolution of ileus; however, the studies are insufficiently powered to identify a significant benefit in length of stay. The potential benefits to individual patients, in health economics terms, are such that a well-designed, largescale, blinded, randomized, controlled trial with a placebo arm is warranted to answer the question of whether gum chewing can significantly reduce the length of stay after abdominal surgery or whether it merely represents a placebo effect. 
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